The analysis of maximum precipitation is usually carried out by using IDF curves (IntensityDuration-Frequency), which in turn could be expressed as MAI curves (Maximum Average Intensities). An index "n" has been developed in this work, defined from the exponent obtained when adjusting IDF climatic curves to MAI curves. That index provides information about how maximum precipitation is achieved in a certain climatic area, according to the relative temporal distribution of maximum intensities. From the climatic analysis of index "n", large areas could be distinguished in the Iberian Peninsula, characterized by rain maxima of a stormier origin (peninsular inland), and areas characterized by rain maxima of a more frontal origin (southwest, Atlantic coast and Mediterranean coast). Additionally, these areas could be more specifically divided according to the persistence of maximum precipitation.
Introduction
The patterns of intense precipitation are one of the possible variables that are sensitive to climate change. In fact, rain intensity, in addition to depending on the content of precipitable water in the atmosphere, also depends on the vertical thermal gradient in the different precipitating cloud systems. Different organizations are observing changes in global temperature in various atmosphere layers between the surface and the stratosphere (NASA, 2008; NOAA, 2008) .
Therefore, variations in the behavior of maximum intensities can be expected. Such variations will be determined by two factors: the natural and intrinsic variability of a climate and the variation of the averages of the given climate.
As a preamble to a possible study of the variation of intensity patterns, the following work proposes a way of analyzing the natural variability of the maximum intensities of a climate.
The goal is to identify and quantify the general characteristics of the climatic patterns of intense precipitation based on a model of temporal distribution of the Maximum Average Intensities of precipitation. That is to say, we intend to characterize cases of extreme precipitation according to their temporal distribution, if they are more similar to storms (precipitation concentrated in "short periods of time") or if they are more similar to fronts (regular precipitation with regard to "long periods of time"). Such a distribution model is applied to precipitation isolated in time as occasional showers, and it attempts to quantify this regularity of convective-advective precipitation in the field of meteorology. However, we will prove that it can be extended to be applied to climatology by using IDF curves.
Methodology

Curves of Maximum Average Intensities
The main magnitude that is going to be used in this work is the Maximum Average Intensity, I, which is the quotient between the maximum accumulation in a certain period of time, P max (t), and the mentioned period of time, t: The relative distribution of the Maximum Average Intensities (MAI) of precipitation, in relation to the averaging time, is approximated by depending only on the exponent n in the following curve (see Annex A),
where I is the MAI in a period of time t, I 0 is the MAI in a reference period of time t 0 , and n is an adimensional parameter adjustable to the data. We note that the expression is invariable before the change of units and before the changes in the reference intensity I 0 (t 0 ). Thus, to classify precipitation quantitatively, we will need three theoretical values:
• Any Maximum Average Intensity of reference I 0 (t 0 ), • The duration of the shower related to a relative maximum of intensity t, • The variability of the intensity, according to the value of the exponent n.
We want to classify the precipitation according to the variability of the intensity, and therefore we will pay attention to the exponent of the Maximum Average Intensity curve (see Table 1 ).
This classification criterion is independent of the absolute maximum intensity, so that it is focused on describing the variability of the intensity of the precipitation, and it can have values between 0 and 1, both excluded, of both a constant and highly variable intensity.
As its principal innovation, this work proposes the use of this model to analyze the temporal distribution of the maximum climatic precipitation in the peninsular Spain in detail. Therefore, we will have to combine it with other models that refer to the frequency of occurrences of given cases of intense precipitation.
Intensity-Duration-Frequency curves
The Intensity-Duration-Frequency (IDF) curves are the result of connecting the representative points of the average precipitation intensity in intervals of different duration, all corresponding to the same frequency or return period (Témez, 1978) , thus, making it possible to analyze the changes of the curve in relation to that return period. To carry this out, we can take any direction and analyze the cut-off intensity in all IDF curves, that is, which average intensity values are expected for the same duration in each return period.
Therefore, the maximum precipitation expected Y , for a determined duration t, will be determined depending on the return period p. One of the simplest expressions that describe this dependence is expressed by the Gumbel law:
where F(Y) is the probability of exceeding a precipitation Y(p) of a certain return period p, while α and u are adjustable parameters. For a return period p much larger than a year, we find the solution,
where p is the return period expressed in years. From Equations 3 and 4, we obtain that the expected maximum precipitation for a return period p is:
where k is the result of a redefinition of constants such as
α . Another mathematical relation frequently used to describe the implicit function between precipitation and return period is the one used by Etoh et al. (1986) , known as SQRT-ET max ,
where κ and β are adjustable parameters. This expression could also be developed and approximated using the solution of Equation 4, in the same way as Equation 5. In general, for normalized return periods in which p/p 0 is between 1 and 100, the result is approximately:
where s ≡ 
Combination of MAI curves and IDF curves
The central method used in this work is mainly based on the adjustment of IDF curves (Intensity-DurationFrequency) to MAI curves (Maximum Average Intensities). This is possible because each IDF curve represents a temporal distribution of the Maximum Average Intensities associated to a certain return period.
Thus, by using an adequate nomenclature of the variables, we find that IDF curves have to be equivalent to Equation 2, to which we add the dependence with the return period:
where I(t,p) is the corresponding intensity to a IDF curve of partial duration t, return period p and reference intensity I 0 (t 0 , p), which corresponds to the average precipitation during t 0 minutes, that is to say P 0 /t 0 . Therefore, we will use Equation 8 throughout this work to represent the temporal dependence of the intensity of precipitation; thus, one of the objectives is to find the mathematical expressions that represent the dependence of the reference intensity I o , and of the index n with the return period, p.
We underscore that the innovation in this work is the characterization of the climatology of IDF curves through the adimensional parameter, n(p), which represents the relative temporal distribution in Equation 8. It is worth noting, nevertheless, that in the final references we can find other empirical models very similar to Equation 8, cited in Pereyra-Díaz et al. (2004) and Ghahraman and Hoss Eini (2005) , about the temporal distribution of IDF curves; we recover, for instance, the expression of Besson (Remenieras, 1970) 
where I is the corresponding intensity to an IDF curve of partial duration t, while a, b and c are empirically adjustable parameters. Notice that if b = 0 in Equation 10 and Equation 11, the result is Equation 8. In other words, in Equation 8 we only find two parameters for each return period: the most important parameter, as mentioned before, is n, which is independent of time (Moncho, 2008); and the other parameter is the reference intensity I(t o ), which could be adjusted with all intensities, or take any of them.
Other works about the temporal dependence of IDF curves in the Iberian Peninsula are those of the M.O.P.U. (1990) and Ferrer (1996) , where we find that the Maximum Average Intensity in a time t is given by the expression:
where I(t, p 0 ) is the Maximum Average Intensity in t hours, while I(1h, p 0 ) is the Maximum Average Intensity in one hour, and I(1d, p 0 ) is the maximum intensity in one day.
Results
Study of a particular case: IDF curves in València
We have the data of the IDF curves in València (AEMET, 2003), indicated in Table 2 and represented in Figure 1, which were calculated using SQRT-ET max . Such data have been adjusted to the corresponding MAI curves in order to infer the exponent n associated to each return period, p.
IDF curves, as any other Maximum Average Intensity curves (MAI), follow the Equation 2, where I(t) is the Maximum Average Intensity corresponding to t minutes, and I(t 0 ) is the reference intensity to t 0 minutes. For the sake of convenience, we will choose as time of reference t 0 = 60 minutes, although this does not affect the shape of I(t) due to the mathematical properties of this expression. Therefore, Table 3 is the result of adjusting the data in València to Equation 2 for each return period.
By definition IDF curves depend on the return period, that is to say I(t) = I(t,p), as a consequence n = n(p) and also Table 3 . IDF curves adjustment to MAI curves, according to the return period for the data for València. 
And if we only consider return periods equal to or lower than 50 years, we obtain (R 2 = 0.96) Equation 14:
The exponent n varies very slightly depending on the return period so, for the sake of convenience, we can view it as a constant. Thus, for IDF curves in València, we obtain n med = 0.545 ± 0.015, where the interval is given by the standard deviation.
In Table 4 we can show that relative intensity
is indifferent to the chosen time of reference, t 0 , so we can take any other time of reference or just figure out an average of the relative intensities to eliminate possible noises. If we represent the relation between intensity and return period, we will see in Figure 3a that it is practically insensitive to the duration t 0 taken as reference.
Taking a lineal adjustment of the logarithms (Figure 3b) , we obtain a coefficient, R 2 = 0.98:
In this case it is also insensitive to which return period is taken as reference, and we will take I(60 min,25 y) = 52 mm h −1 . Logically, the larger the return period, p, is the larger the reference intensity I(t 0 ,p).
In summary, the MAI curves of the weather in València are related to the return period p lower than 50 years, according to Equation 8 and to the following expressions:
where for València we have obtained that:
Given that parameter x is small, we can approximate: n(p) ≈ n med ≈ 0.545 ± 0.015, therefore, all IDF curves in València could be written as:
On the other hand, we can approximate Equation 17 to a logarithmical shape to result in: 
where the indexes adjust Equations 16 and 17 and the errors are the standard deviation.
The observation of the indexes average for all 67 stations suggests that its variability is weak along the analyzed territory, so in a first approximation we could view the three indexes as constant for the whole area. In that case, we could think that the local cases of extreme precipitation would be characterized solely by the reference intensity I(t 0 ,p 0 ) of each station, for the same time t 0 and return period p 0 .
However, if we pay attention to the values of each of the 67 stations and their error (see Annex B), the n med index varies considerably from one station to another (error intervals are not compatible among themselves). Therefore, in general we will not consider it constant, but we will say that it depends on the stations considered, n med = const. The same occurs with index x, which also presents relatively very significant variations depending on the place. However, the absolute value of x is so small that it could be approximated to zero, x ≈ 0.
Finally, the index value m presents very little variability among the places considered, with a good compatibility among the different intervals of typical error. Thus, we can consider that the average value m = 0.24 ± 0.03 is a constant in the territory of interest. Therefore, it is a good approximation to express any IDF curve of any station through a point and a parameter, that is to say, we need: (a) any reference intensity, I(t 0 ,p 0 ), and (b) the average exponent n med . Both values are characteristic of the local climate.
It is important to remember that the further from zero the x index is, the more variable the exponent n of a station will be. That is why one might think that, to correct this, it would be better not to dismiss the dependence of n index with the return period. However, we think that such dependence is not real, but rather a consequence of the difference of criteria when defining the IDF and MAI curves.
We must underscore that in the cases index n changed depending on the return period, it would mean that the extreme rain typology varies from convectivity to advectivity or vice versa. However, there is no clear general tendency to define the direction of this transformation according to the return period. That is to say, no standard has been observed that establishes that the extremity of a precipitation tends to move its typology to convectivity (increasing n) or advectivity (decreasing n), rather such properties respond only of the statistical domination of each local climate.
Consequently, any climatic difference in relation to the average index n 0 (associated to pluviometric extremity) represents an anomaly, by definition, and would therefore mean a local climatic variation, probably based on the wind regime, as this is the main pattern of advectivity. For all these reasons, we will continue opting for the use of the average exponent n med for each station.
In conclusion, the IDF curves of each of the stations examined in this work could be written as:
where I(t,p) is the Maximum Average Intensity depending on the duration, t, and the return period, p. While I(t 0 ,p 0 ) is the reference intensity, and the exponent n med is characteristic of the local climatology. If we geographically represent the reference intensity for one hour and a specific period of 25 years, the result is the map in Figure 4 . Three different areas associated to the Spanish climates can be distinguished in the Iberian Peninsula. The Peninsular east and northeast stand out with reference intensities close to 60 mm h −1 , and in the another extreme we found Sierra Nevada and Zamora with values close to 20 mm h −1 . On the other hand, if the mentioned index n med for the Iberian Peninsula is represented, the result is the map in Figure 5 .
IDF curves represent temporal distributions of "maximum precipitation" depending on the return period; curves that are in turn related among them as MAI curves. Therefore, the smaller the n exponent of the associated MAI is, the maximum precipitation is obtained more by persistence than by intensity, while for larger n indexes, the maximum precipitation is obtained more by intensity than by persistence. This relationship between persistence and intensity of "maximum precipitation" is reflected in climate, such that, in general, two large groups can be differentiated:
• Climates which have maximum precipitation dominated by maritime advection (zonal, northern and antizonal currents) present a lower n index, indicating a larger persistence of higher intensities. Approximately three groups can be distinguished: west half (zonal), Cantabric coast (northern) and Mediterranean coast (antizonal). Three areas with special persistence can be found in the Mediterranean coast: the gulf of València, Girona and Málaga, the three of them dominated by east winds. An area with a very low n index is found in the Cantabric coast, in the east of Asturias, which corresponds with North winds. Finally, a very important area is located in the Atlantic strip, the Central System, which presents a significant persistence in rain with the southern winds of the typical Atlantic fronts.
• Climates which have maximum precipitation dominated by convection (inland climates) present higher indexes, indicating a lower duration of maximum precipitation. There are two large areas in this situation: the east inland and the north inland of the Peninsula. Likewise, we must note that in the south of the Pyrenees, and in the northeast of the Sub-Baetic mountains there are two areas with a very high index n, which is possibly due to the scarcity of pluviometric persistence, at least during maximum precipitation.
However, there is little data available to be able to analyze both the spatial coherence by proximity and similarity, and to characterize all the regions in detail where there is no data as of yet (Pyrenees, Iberian mountains, etc.).
Conclusions
IDF curves of any Spanish station that is analyzed could be described in the shape of Equation 20.
There are many equivalent shapes, but this expression has advantages in relation to the others:
• It is simple. It only needs an adimensional parameter, n med , and an arbitrary point I(t 0 ,p 0 ).
• It contains both the dependence with the return period and the dependence of the precipitation duration.
• It is intuitive. It contains physical significance with respect to the attenuation with time, using an index be- Figure 5 . Distinction between climates with persistent maximum (blue) and anti-persistent (red) rainfall, from the exponent n that adjusts the IDF curves of 67 AEMET (2003) stations. The map has been obtained through kriging multivariable, taking into consideration the distance, the regional dependences with height and distance to the sea, as well as the orientation of the slopes.
tween 0 and 1, as well as the temporal distribution of an isolated shower.
In relation to the characteristic index n, we can distinguish between two large climate groups in the Iberian Peninsula:
• Climates which have maximum precipitation dominated by maritime advection (zonal, lateral and antizonal currents) present a lower n index, indicating a larger persistence of higher intensities. Approximately three groups can be distinguished: west half (zonal), Cantabric coast (lateral) and Mediterranean coast (antizonal).
• Climates which have maximum precipitation dominated by convection (inland climates) present higher indexes indicating a lower temporal extension of maximum precipitation.
Therefore, by the climatic definition of the relative temporal distribution index, n, associated to the local pluviometric extremity, any climatic difference regarding the average index n o will be understood as an anomaly, that is to say, a local climatic variation, or in any case an intrinsic variability. Figure A1 . General diagram of a precipitating system, where P is the average precipitation associated to each level of development of the system, and e is the total extension or duration that includes the different coexisting phases of the precipitation.
to the data. Let us remember that the Maximum Average Intensity is defined as:
In order to proceed, we will use a simple diagram of a general system of intense precipitation (see Figure A1 ).
We can distinguish three "concentric" zones (with spatial asymmetry):
• Formation area, F : includes the whole system.
• Maturing area, M : includes intense precipitation.
• Collapsing area, D: includes the most intense focus of the system.
Logically, the total maximum precipitation, P F (obtained in one point), is larger than the maximum precipitation during the maturing phase, P M , and this, in turn, is larger than the maximum precipitation of the focus, P D , as the first ones include the second ones. This is to say,
, where P ± M is the maturing precipitation before and after the collapsing phase, while P ± F is the precipitation in the formation area, before and after the maturing area-phase. Therefore: However, we have seen that approximately x ≈ 0, so it is better to define an average exponent, n med , that theoretically is n med = n(p 0 ), for x = 0. This average exponent is what we find in Equation B5:
Dependence with the distance to the sea, height and latitude of the three exponential indexes n med , m, x of Equations B3 and B5 has been analyzed in Figures B1, B2 and B3.
n 0 = Exponent of the adjustment of curves IDF-MAI in Equation B5, which is approximately the average exponent (independently of the return period). Notice that this is the most variable of all indexes, both regarding dispersion (strong local dependence) and regarding the variation with the considered variables (slight dependence with height and distance to the sea - Figure B2 and Figure B1 -, and therefore it probably depends on the climate). m = Exponent of the return periods. In this case, the dependence with any geographical parameter is virtually nil. From this we deduce that m is constant, at least in the considered territory, and the observed variability is probably due to noise conditioned to the data (see Figure B1 , Figure B2 and Figure B3 ).
x = Exponent of the variability of n regarding the return periods. In this case there is also a little variation with regard to the climate, but in any case is x close to 0, and therefore it can be dismissed (see Figure B1 , Figure B2 and Figure B3 ).
